The Stratospheric Observatory for Infrared Astronomy (SOFIA) is the world's largest airborne observatory, featuring a 2.5 meter effective aperture telescope housed in the aft section of a Boeing 747SP aircraft. SOFIA's current instrument suite includes: FORCAST (Faint Object InfraRed CAmera for the SOFIA Telescope), a 5-40 μm dual band imager/grism spectrometer developed at Cornell University; HIPO (High-speed Imaging Photometer for Occultations), a 0.3-1.1μm imager built by Lowell Observatory; GREAT (German Receiver for Astronomy at Terahertz Frequencies), a multichannel heterodyne spectrometer from 60-240 μm, developed by a consortium led by the Max Planck Institute for Radio Astronomy; FLITECAM (First Light Infrared Test Experiment CAMera), a 1-5 μm wide-field imager/grism spectrometer developed at UCLA; FIFI-LS (Far-Infrared Field-Imaging Line Spectrometer), a 42-200 μm IFU grating spectrograph completed by University Stuttgart; and EXES (Echelon-Cross-Echelle Spectrograph), a 5-28 μm highresolution spectrometer designed at the University of Texas and being completed by UC Davis and NASA Ames Research Center. HAWC+ (High-resolution Airborne Wideband Camera) is a 50-240 μm imager that was originally developed at the University of Chicago as a first-generation instrument (HAWC), and is being upgraded at JPL to add polarimetry and new detectors developed at Goddard Space Flight Center (GSFC). SOFIA will continually update its instrument suite with new instrumentation, technology demonstration experiments and upgrades to the existing instrument suite. This paper details the current instrument capabilities and status, as well as the plans for future instrumentation.
INTRODUCTION
SOFIA, The Stratospheric Observatory for Infrared Astronomy achieved first light in spring 2010 and has been used in science observations in both the northern and southern hemispheres since that time. In February 2014, with the successful completion of commissioning flights for its forth science instrument, FLITECAM, SOFIA achieved its "full operating capability" and shortly thereafter moved officially from phase D (development) to phase E (operations) [1] , [2] . As of May 2014 all 6 first generation instruments have been integrated with SOFIA and have been used for science observations. SOFIA is an airborne platform consisting of a 747sp modified to house a 2.5 meter IR-optimized telescope in its aft section. By flying at 37,000 to 45,000 feet in the stratosphere, SOFIA operates above 99% of the atmospheric water vapor responsible for obscuring the near-infrared to far-infrared spectrum from ground-based observatories. SOFIA features an instrument suite offering broad and narrow band imaging and mid-and high-resolution spectroscopy in the optical to far-infrared regime, offering wavelength access and capabilities otherwise currently unavailable to astronomers.
SOFIA features 6 first-generation science instruments: HIPO, FLITECAM, FORCAST, EXES, FIFI-LS, and GREAT. Two of these instruments are Principal investigator (PI)-class instruments, GREAT and EXES, two are facility science instruments (FSI), FORCAST and FLITECAM, one, HIPO, is a special purpose science instrument, while FIFI-LS will begin operations as a PI instrument before converting to FSI class in 2015. FSIs are operated entirely by the SOFIA team, including observation planning, maintenance and instrument operation. PI and SSIs involve the SI team in the operation planning and data reduction stages [3] .
The SOFIA instrument suite offers imaging and spectroscopy from the visible to sub-millimeter wavelengths. HIPO offers high-speed optical imaging [4] , [5] , [6] , [7] . FLITECAM offers imaging and spectroscopy in the near-infrared. HIPO and FLITECAM can each fly individually or can be co-mounted for simultaneous observations in the 'FLIPO' mode. [8] , [9] , [10] FORCAST is a dual channel mid-infrared instrument with imaging and moderate resolution grism spectroscopy from 5 to 40 microns. [11] , [12] , [13] , [14] EXES is a high-resolution (R~100,000) instrument for 5-28 micron spectroscopy [15] , [16] , [17] . FIFI-LS is a dual channel integral field spectrometer for far-IR (42 to 200 micron) observations. [19] , [20] , [21] , [22] , [23] , [25] GREAT is a dual channel heterodyne instrument allowing extremely high resolution line mapping in a selection of THz frequencies. [26] , [27] , [28] , [29] A major capability of SOFIA is the ability to access and update its instrument suite. Two efforts are currently underway to expand SOFIA's scientific capability: upGREAT and HAWC+. upGREAT will add dual-color heterodyne arrays (14 and 7 pixels, respectively) to the 1 st generation instrument GREAT [30] , while HAWC+ will feature far-infrared polarimetry and imaging as well as state-of-the-art bolometer detectors. [31] , [32] , [33] , [34] , [35] Future calls for new SOFIA instruments are currently being planned.
All instruments undergo a period of integration checkout, testing and commissioning prior to use in science observations. On SOFIA this involves both ground and airborne operations. In general the in-flight portion of these activities consist of 5-6 flights split over two periods. The results from these commissioning activities are presented following the completion of the final flight series either as a commissioning review, for PSIs and SSIs, or as an acceptance review for FSIs. Results from the commissioning activities are incorporated into the instrument data reduction pipelines and exposure time calculators, as well as the information made available to observers in the call for proposals.
SOFIA operates as a queue observatory, with the majority of time competitively awarded to general investigators (GIs) through yearly calls for proposals. There have been 4 observing calls issued for SOFIA: Early Science featuring observations by GREAT, FORCAST and HIPO; Cycle 1, featuring GREAT, HIPO, FLITECAM and FORCAST; and Cycle 2, featuring all the Cycle 1 instruments plus FIFI-LS and EXES. The Cycle 3 call for Proposals was issued in May 2014 and offers observations from March 1, 2015 to February 29, 2016) . [1] , [2] , [3] , [36] 
HIPO
HIPO (High-speed Imaging Photometer for Occultations; PI: Edward Dunham, Lowell Observatory) is an optical, highspeed, dual channel imager, designed primarily for use in time-resolved observations as well as observatory characterization [4] , [5] , [6] . HIPO can be installed in two different configurations: co-mounted with the FLITECAM instrument (referred to as the "FLIPO" mode) or mounted alone. When FLITECAM is co-mounted, a dichroic beam splitter is externally mounted in front of the HIPO entrance window, so optical light is transmitted into HIPO, while near-infrared wavelengths are reflected through a periscope-like structure into FLITECAM. When mounted solo, HIPO does not utilize these external optics. Inside the HIPO instrument is another beam splitter, which simultaneously feeds the red and blue imaging CCD channels. Each channel has independent collimating and re-imaging optics and a dedicated 8-position filter wheel at the image pupil. If the highest throughput is desired, the channel beam splitter can also be removed, and either CCD may be fed directly with the SOFIA beam.
HIPO is used for both science observations and observatory engineering and checkout. The red channel features ShackHartmann lenslets which allow focus and alignment tests. HIPO also has a pupil-imaging mode, which allows direct measurement of the SOFIA optical axis and secondary mirror location. These measurements can be transferred by HIPO to ground-based alignment facilities in the SOFIA science instrument labs. For science observations, HIPO features a standard set of optical filters (the Johnson and Sloan standard filters) as well as selected narrow band filters. For faint objects an unfiltered mode is also available. HIPO has been used in more than 20 flights. These include multiple flights co-mounted with the FLITECAM instrument (the FLIPO configuration), as well as several solo flights. HIPO has also been used extensively for ground operations and checkout.
FLITECAM
FLITECAM (First Light Infrared Test Experiment CAMera; PI: Ian McLean, UCLA) is a 1 to 5 micron instrument featuring a 1024 x1024 InSb detector offering broad and narrow band imaging and grism spectroscopy. FLITECAM can image the entire SOFIA field-of-view (diameter~8') with a pixel scale of 0.475"/pixel. FLITECAM can operate in two modes, either mounted alone, or co-mounted with HIPO, in 'FLIPO' mode. FLITECAM features a dual filter wheel with the standard J, H, K, L, and L filters; narrow band filters and 3 direct-ruled KRS-5 grisms. A dual width cryogenic entrance slit operates just inside the FLITECAM entrance window, yielding 9 spectral bands covering the 1 to 5 micron regime at low resolution (2000>R>1000). [8] , [9] , [10] FLITECAM has been operated on 12 total flights: 4 engineering flights for observatory checkout and characterization, 6 commissioning flights and 2 science observation flights. As of May 2014 all FLITECAM flights have been executed in the co-mounted, FLIPO mode, limiting long-wavelength (λ >3.5 microns) observations.
FORCAST
FORCAST (Faint Object InfraRed CAmera for the SOFIA Telescope; PI: Terry Herter) was developed at Cornell University to function as a dual channel mid-IR (5-40 micron) camera with imaging and grism spectroscopy capabilities. FORCAST uses a pair of 256x256 blocked-impurity band (BiB) detectors-a Si:As BiB detector for λ<25 microns and a Si:Sb BiB detector for λ>25 microns. Both channels have a 3.4' x 3.2' FOV and a 0.768''/pixel plate scale. The two channels can operate simultaneously or individually depending on choice of dichroic settings. FORCAST offers long slit, low resolution grism spectroscopy over its entire wavelength range and high resolution, cross-dispersed spectroscopy from 5-14 microns. [11] , [12] , [13] , [14] FORCAST has been used extensively on SOFIA, including as the first light instrument in 2010 as well as in multiple science observations. 
EXES
EXES (Echelon-cross Echelle Spectrograph; PI: Matt Richter, UC Davis) is a high-resolution (up to R~100,000) spectrograph that covers the 4.5 to 28.3 micron regime. EXES uses a Si:As 1024x1024 array on an SB226 mux. EXES uses an echelon cross-dispersed by an echelle grating. In high-resolution mode both the echelon and echelle are used while the echelon is bypassed in the low and medium resolution modes. The echelle is 9 inches by 4.75 inches wide with a groove spacing of 32.6 microns which operates at a blaze angle of either 26.6 degrees or 63.4 degrees. The echelon is 40 in by 4 inches and has a blaze angle of 84.3 degrees and a groove spacing of 7.6 millimeters. The combinations of the echelle and echelon grating settings yield four main modes: high-medium mode-R~50,000 to 100,000 (echelle blaze at ~ 63.4 degrees, echelon cross-dispersed); high-low mode-R~50,000 to 100,000 (echelle blaze at ~ 26.6 degrees, echelon cross dispersed); medium mode-R~5,000 to 20,000 (Echelle blaze at 63.4, no echelon); and low mode-R~1,000-3,000 (echelle blaze at 26.6 degrees) [15] , [16] , [17] . In all modes, EXES achieves calibration through observation of atmospheric lines. EXES has flown on 2 flights, completing the first half of its commissioning program. During these flights EXES executed a combination of science observations and commissioning activities, and will complete its commissioning in early 2015. EXES has been offered as a PI instrument in Cycle 3. 
FIFI-LS
FIFI-LS (Far-IR Field Imaging Line Spectrograph; PI: Alfred Krabbe, University of Stuttgart) uses dual channel integral field units to perform imaging spectroscopy in the far-infrared (42-200 microns). FIFI-LS is very similar to the PACSSpectrometer (detector and optical design), which flew on Herschel, but FIFI-LS has two gratings allowing the independent observation of two spectral lines (one in each channel) simultaneously. Both channels use 16x25 pixels Ge:Ga arrays-the red channel utilizes a stressed array to cover the 105 -200 micron range with a pixel scale of 12″ per pixel, while the unstressed blue channel covers the 50-125 micron range with a pixel scale of 6″ per pixel. FIFI-LS uses a 15 mirror image slicer to rearrange the FOV into a 25x1 pixel line, which is then fed to the diffraction grating. Both arrays have a 5x5 pixel spatial FOV, with 16 spectral elements for a 5x5x16 data cube with R~ 500 to 2000. FIFI-LS utilizes an internal, cryogenic K-mirror to rotate the FOV to an arbitrary position angle and maintain the position angle throughout the observation. [19] , [20] , [21] , [22] , [23] , [25] , [25] ) spectrometer over the 1.25 to 4.7 THz range. GREAT was designed as a modular instrument with a front-end unit consisting of 2 independent, exchangeable dewars with mixers tuned to selected frequency bands. Each channel has an associated local oscillator (LO) tuned to a specific line of interest-the M channel uses 2 LOs, one tuned to the OH line and another tuned to the deuterated hydrogen line. The backends consists of 2 Fast Fourier Transform Spectrometers for each mixer: an XFFTS with bandwiths of 2.5 GHz and 88 kHz operated simultaneously with an AFFTS with a 1.5 GHz bandwith and 212 kHz resolution [26] , [27] , [28] , [29] . The instrument has been in continuous upgrade, making latest technological advancements readily available to the communities (performance figures in Table 7 reflect the instrument status as offered for cycle 3). GREAT has been operated since Early Science on multiple SOFIA flights including a flight series in the southern hemisphere. All 4 channels (L1, L2, M a , and H channels) have been commissioned, and the team is developing the extension of GREAT into multi-pixel heterodyne arrays: a low-frequency array with 14 pixels that will make mapping of e.g. the [CII] line an order of magnitude more efficient, and a high-frequency array with 7 spatial pixels, centered on the [OI] transition.. The LFA of this upgrade, called upGREAT [30] will be made available in Cycle 4. 
HAWC+
HAWC (High-resolution Airborne Wideband Camera) is a five-band, far-infrared camera (50-240 µm) developed at the University of Chicago (PI Al Harper). The HAWC+ upgrade, currently under development at JPL (PI Darren Dowell); will add polarimetry, larger detector arrays, and an additional photometric band. Polarimetry is achieved with a wire grid polarizing beamsplitter and a set of cryogenic rotating half-wave plates. HAWC+ detectors are a pair of backshort under grid (BUG) arrays developed at GSFC that utilize superconducting transition-edge sensors and SQUID multiplexers and that simultaneously detect the reflected and transmitted polarization components. [31] , [32] , [33] , [34] , [35] HAWC+ will be completed in late 2015, and will be offered to the community in Cycle 4. Assumes 60% observing efficiency.
